Introduction
Echinococcus multilocularis, causative agent of alveolar echinococcosis in humans, has become the target of intensive research at the beginning of the 1980s [1] . In the past decades, the known range of the parasite in Europe has expanded. The formerly known geographical range of the parasite included regions of (by date of detection) Austria, Switzerland, France, Germany, Liechtenstein, Luxembourg, Denmark, the Baltic states, Belgium, the Netherlands, northern Italy, Poland, the Czech Republic, Slovakia, northern Hungary and Slovenia [2, 3] . Recently, the occurrence of E. multilocularis was for the first time confirmed also in Sweden [4, 5] , and in southern Denmark, a new highendemic focus was detected [6] . The importance of the issue is highlighted by a recent regulation issued by the European Commission in 2011 [7] . The aim of the measures outlined in the regulation is to minimise the risk of introducing the parasite into territories where it has not yet been detected, namely Finland, the United Kingdom, Ireland and Malta [7] .
In Slovakia, E. multilocularis was detected for the first time in red foxes in 1999 [8] and intensive epidemiological studies have been carried out since. During the surveillance of E. multilocularis between 2000 and 2010, more than 4,700 red foxes (Vulpes vulpes) from all regions of the country have been examined. The total average prevalence of the parasite was 30.3% and the existence of highly endemic areas in northern regions of Slovakia was revealed [9] .
The survey presents a comprehensive picture of the epidemiological situation of E. multilocularis in highly endemic regions of northern Slovakia from its first detection in 1999 until 2012 and includes results from the territory of the High Tatras National Park. Moreover, we report here the first list of confirmed human cases of this serious parasitic disease.
Methods

Collection and examination of red foxes
Monitoring of E. multilocularis in red foxes living in northern Slovakia (Žilina and Prešov Region including the High Tatras National Park) was conducted in the years 2000 to 2005, 2007 , and 2010 to 2012. Red foxes were collected in the framework of the control of the effectiveness of anti-rabies vaccination carried out twice a year, in spring/summer and autumn/winter campaigns. The number of samples and the time schedule of campaigns were set by the State Veterinary and Food Administration of the Slovak Republic. From each of 79 Slovak districts, a representative sample of at least six foxes per campaign was shot. Animals originating from the protected area of the High Tatras National Park were found dead, road-killed or legally hunted by workers of the Tatra National Park Research Station. Small intestines of the animals were deepfrozen at -80°C prior to necropsy and parasitological examination. Sedimentation and counting method [10] with modification of using 0.09 mm mesh analytic sieves for washed fraction filtration [9] was applied for E. multilocularis detection.
Climatic data collection
Influence of climatic factors (mean annual air temperature and mean annual precipitation) on the prevalence rate of E. multilocularis in red foxes in individual years was assessed. The data were obtained from datasets of Statistical Office of the Slovak Republic [11] . Data measured at three weather observatories in northern Slovakia (Oravská Lesná -Žilina Region, Poprad and Stropkov -Prešov Region) were used for this purpose.
Collection and examination of dog samples for Echinococcus multilocularis
To determine the role of dogs in the spread of the disease in highly endemic areas, 138 animals originating from the northern areas of Slovakia (Prešov and Žilina Region) were collected between 2002 and 2005. Faecal samples came from stray and owned dogs that were not dewormed regularly with the last deworming treatment at least four months before examination. In order to reduce the risk of infection, all samples were deep-frozen at -80 °C for at least seven days prior to examination.
Data concerning the age, sex, locality and usage of dogs were gathered with the help of a questionnaire. Other questions were related to how often the dogs could move freely in rural areas, were fed with raw viscera or caught rodents. Animals aged up to 10 months were classified as young, older animals were identified as adults.
Nested PCR was used to detect the presence of E. multilocularis DNA in faecal samples [12] .
Statistical analyses
The prevalence of E. multilocularis in the examined dog and red fox population was calculated. The seroprevalence values were given with 95% confidence intervals (CI), and odds ratios (OR) were calculated to estimate the association between variables included in the study (age, sex, utilisation, etc.) and the risk of echinococcosis. All statistical analyses were conducted using STATISTICA 6 Base (StatSoft, Inc, 2001).
Sampling and diagnostics of alveolar echinococcosis in humans
Human samples and data about the patients were collected in cooperation with medical doctors and hospitals, especially with infectious disease and surgical clinics from different regions in Slovakia. Sera from patients suspected for echinococcosis, e.g. patients with clinical symptoms of echinococcosis or patients with cystic lesions found during imaging examination (ultrasonography (USG), radiography, computed tomography (CT)) were sent to the Institute of Parasitology SAS (IP SAS) for serological examination. At the beginning, IP SAS was the only laboratory where antibodies to Echinococcus could be examined. After a few years, private laboratories started with serological diagnostics and it could not be estimated how many samples were sent elsewhere. Currently, IP SAS is the only laboratory performing Western blot and PCR tests. Specific antibodies to E. multilocularis were detected by modified ELISA [13, 14] or commercial ELISA test kits (NovaLisa Echinococcus IgG, NovaTec Immunodiagnostica, Germany), and positive sera of patients who had not undergone surgery, i.e. for whom PCR samples or histology were not available, were examined also by Western blot (Echinococcus WB IgG, LDBIO Diagnostics, France). Imaging techniques (USG, CT, magnetic resonance imaging (MRI)) were performed to detect the presence of parasitic lesions in the liver and other organs, and material obtained during surgery was submitted to histological and/or PCR examination [15] . Some clinical cases were detected accidentally, during surgical intervention for another disease.
The diagnosis was confirmed if at least two of following four parameters were verified [16] : (i) typical organ lesions detected by imaging techniques, (ii) presence of antibodies to Echinococcus multilocularis (ELISA, Western Blot), (iii) histological findings compatible with E. multilocularis metacestode, or (iv) detection of E. multilocularis DNA by PCR methods.
Results
Surveillance of Echinococcus multilocularis in red foxes in northern Slovakia during 2000 to 2012
Since 2000, a total of 1,875 red foxes originating from the northern Slovak regions have been examined for E. multilocularis presence. The tapeworm was detected in the small intestines of 779 foxes (41.6 %), with a mean prevalence rate in the Žilina and Prešov Region of 47.7% and 38.5%, respectively ( Figure 1 (Table 1 ) [17] .
Echinococcus multilocularis in dogs
Of 138 dog faeces examined, E. multilocularis DNA was confirmed in four (2.9 %) samples. The majority, 119 samples, came from the Prešov Region with three infected animals (2.5 %). Among the 19 animals from the Žilina Region, one sample (5.2 %) was found to be positive.
The positive animals were used as guard and shepherd dogs, but neither usage of the dogs nor their age or sex influenced the occurrence of parasites significantly (p>0.05).
Data about free movement in rural areas, feeding and catching rodents were known for 82 cases. Positivity for E. multilocularis was closely correlated with the possibility to catch the rodents (p=0.04; OR=9.4; 95% CI: 0.9-95.9) and uncontrolled movement in rural areas (p=0.02; OR=14.5; 95% CI: 1.4-145.5). Feeding with raw viscera was not identified as a risk factor for infection (Table 2) .
Human cases of alveolar echinococcosis in Slovakia
The first case of alveolar echinococcosis in Slovakia was confirmed in 2000 in a woman in her 60s from a village in the Žilina Region (north-western Slovakia). Although the first clinical symptoms of the disease had appeared already in 1994, the lack of knowledge about the presence of E. multilocularis on the territory of Slovakia probably resulted in misdiagnosis. In the patient's anamnesis, a history of keeping a dog and collecting forest fruits were of epidemiological importance [18] .
In the same year, a second case of autochthonous alveolar echinococcosis was detected. The patient was a woman in her 70s, from a village in mountain area of north-western Slovakia (Žilina Region), who spent a lot of time at her mountain cottage where she grew vegetables. Except weight loss, the patient had no clinical signs, and the disease was noticed only after observing the high erythrocyte sedimentation rate during a routine medical examination. Subsequent USG and CT examination of the abdomen revealed an irregularly shaped focus 12x11x10 cm in the right liver lobe. Serological (ELISA, Western blot) and histological examinations confirmed the diagnosis of alveolar echinococcosis [19] .
Three years later, in 2004, two further cases were verified. The patients were men from the Prešov and Žilina Region. Since then, new cases of alveolar echinococcosis have been detected every year ( Figure  3 ). The incidence of the disease has followed an increasing trend. As of April 2013, the total number of alveolar echinococcosis in Slovakia has reached 26 cases (Figure 1 ). Only three of these patients did not come from the highly endemic Prešov or Žilina Regions. One woman came from the Trenčín Region, situated in the west of Slovakia and neighbouring the Žilina Region, and two persons were from the Košice Region neighbouring the Prešov Region (Figure 1) . The mean age of the patients was 52.3±20.7 years, ranging between eight and 78 years. Only negligible differences were recorded between the positivity of women (14 cases) and men (12 cases).
In addition to the 26 confirmed cases of alveolar echinococcosis, at least 10 other cases were detected between 2007 and 2012 in whom the aetiological agent of echinococcosis was not determined. In these patients, the diagnosis of echinococcosis was made after serological and USG examination. However, material for histological or PCR examination that could facilitate the confirmation of diagnosis could not be obtained because of the good response to anthelmintic treatment that made surgical intervention unnecessary, or because the patients neglected to appear for their control examination.
Three of the 26 confirmed patients were younger than 20, one of them even younger than 10 years (Table 3 ). In 2006, alveolar echinococcosis was diagnosed in a teenager from the Prešov Region, living in close vicinity of a forest. The patient suffered from headache, fatigue, cough, fever and abdominal enlargement. USG examination confirmed tumour-like infiltrations in the right and left liver lobes and the diagnosis of echinococcosis was confirmed by ELISA, Western blot and histological examination [20] . In 2012, two more cases of alveolar echinococcosis in young patients were detected. One was a teenager from the Žilina Region with multiple cysts in the liver and four cysts in the lungs, found by USG examination; the diagnosis was confirmed by PCR after the resection of suspicious parasitic material from the liver. The other case was younger and came from the Prešov Region, with a primary infection site in the right femur; no other lesions were confirmed using USG and PET-CT examinations. This case was living near the forest at the end of a village, in close vicinity to an area often visited by red foxes. The family also owned a dog. Although the first symptoms, pain in the right leg and knee, were not indicative of alveolar echinococcosis, serological examination confirmed the presence of antibodies to Echinococcus spp. Following histological investigation of material obtained during surgical intervention, Western blot of the serum sample and PCR analyses of DNA from the cyst secretion confirmed the diagnosis of alveolar echinococcosis.
Discussion and conclusion
Our monitoring confirms the presence of highly endemic areas of E. multilocularis in the northern part of Slovakia, with a mean prevalence rate of almost 42.0% in its main definitive hosts, red foxes. This 12-year examination of red foxes has unfolded great fluctuation of E. multilocularis prevalence between years, probably depending on climatic conditions. Prevalence rates were highest during the cold and wet years of 2001, 2005 and 2010 . In those years precipitation totals were considerably above normal. In contrast, prevalence significantly decreased in the warmer years of 2003, 2007 and 2012, which were the first, third and fourth warmest years since 1871 in Slovakia [17] .
Given that E. multilocularis is considered a parasite adapted to cold climate, environmental conditions of northern Slovakia are very suitable for the spread of echinococcosis. The area is characterised by mountain climate with average annual temperatures between -3 and +4 °C. Annually, rainfall varies between 800 and 2000 mm. Main recreational areas of Slovakia are situated in northern Slovakia, which is of relevance from a public health point of view. Žilina Region is dominated by national parks, and 51.0% of its territory is under some form of protection, accounting for 30.0% of Slovakia's total protected area. In the territory of the Prešov Region are situated the only truly alpine mountains in Eastern Europe, the Tatra National Park [11] . In the past decades, touristic activities have increased, not only in the National Parks but all over the country. The estimated number of tourists visiting Tatra National Park exceeds 3,500,000 per year [21] . In addition, the risk of human infection is also influenced by high population density and urbanisation of red foxes (and other free-living carnivores) in these areas. of the disease [22, 23] . Some of the dogs (2.9%) in our study were infected with E. multilocularis and could be a source of human infection. Catching rodents and unattended movement in rural areas were correlated with infection of dogs. Of course, a larger number of samples and further epidemiological analyses would be more valuable, but due to limited staff we did not continue the examination of dogs after 2005. Budke et al. and Ziadinov et al. also recognised a higher probability of infection in dogs that hunt rodents, in hunting dogs and in non-restrained dogs [24, 25] . Although E. multilocularis is not common in dogs in Slovakia, contact with animals with risk behaviour increases the probability of infection, especially in highly endemic regions of the country.
The list of diagnosed human cases of alveolar echinococcosis confirms northern Slovakia as a risk area. Of 26 infected humans, only three lived outside the Žilina or Prešov Region. However, the prevalence of E. multilocularis in red foxes also reaches 18.4 % in the Košice Region and as much as 40.3 % in the Trenčín Region [9] . Thus, the risk of infection in areas in regions other than Žilina and Prešov is not negligible and a rise in the number of new cases is possible in the future. Moreover, as northern Slovakia is a popular tourist destination, we cannot exclude the infection of the three patients in highly endemic localities.
Humans are considered to be unsuitable hosts for E. multilocularis [26] . Therefore, it is assumed that repeated or long-term exposure to contaminated environment is needed to establish the infection [27] . In addition, the long incubation period (five to 15 years) contributes to the fact that alveolar echinococcosis is mainly diagnosed in older patients. The mean age of patients with alveolar echinococcosis in Slovakia was 52.3 years, but remarkable is the occurrence of alveolar echinococcosis in three persons younger than 20 years. Two of them came from the Prešov Region and one lived in the Žilina Region. All three patients had severe organ damage indicating their exposure to E. multilocularis in early childhood. The mean age of patients reported to the European Echinococcosis Registry between 1982 and 2000 was 52.5 years, but only 2.1% of 559 persons were younger than 20 years [27] . Similarly, 2.1% and 5.2% of patients with affirmed alveolar echinococcosis in the highly endemic Ningxia Hui Region of China were younger than 20 years and 30 years, respectively [28] . On the other hand, relatively high occurrence of the disease in children was recorded in Poland, a country neighbouring Slovakia, where among 121 human cases, four (3.3%) were between the ages of six and 11 years, and the mean age of patients with alveolar echinococcosis was only 47.6 years [29] . In Poland, E. multilocularis in red foxes was detected for the first time in 1995 [30] and one of the endemic localities, the Subcarpathian Province, is situated in the south of the country and borders with the highly endemic Žilina and Prešov Regions of Slovakia. Although the reason for increased incidence of alveolar echinococcosis in young people recorded in this study is unknown, we speculated that the environment of northern Slovakia is highly contaminated with infective stages of E. multilocularis.
The short interval between the first detection of E. multilocularis in foxes and the first human case (with severe organ damage) suggests that the parasite was present in Slovakia before 1999. Since then, increased awareness of public health authorities and physicians the possibility of serological examination of serum samples and new diagnostic methods, together with a constant high prevalence of the parasite in red foxes and increased density of the fox population, has contributed to an increase in the number of human cases detected, especially since 2010.
We can assume that the real number of human alveolar echinococcosis may be several time higher than that shown by official data. A similar situation was recorded also in other countries; Jorgensen et al., for example, estimate that the incidence of the infection in Germany is three times higher than national surveillance data [31] . In Slovakia, confirmed cases of echinococcosis are reportable to the Regional Authorities of Public Health (RAPH) operated under Ministry of Health, and thereafter, the data are sent to the Epidemiological Information System (EPIS) or reported directly to the EPIS. Such a reporting system has some limitations since reports to EPIS come only from physicians and pathologists registered in the system. On the other hand, reports to the RAPH come from microbiological or parasitological laboratories. Due to the fact that each party relies on the other to report diagnosed cases, many cases can be neglected and the incidence can thus be seriously underestimated. Moreover, in many cases the diagnosis is established only as echinococcosis, and the aetiological agent of the disease, E. multilocularis or E. granulosus, is not determined. Similarly, the European Food Safety Authority (EFSA) supposes that current data about the occurrence of human echinococcosis in Member States of the European Union do not provide an accurate picture of the epidemiological situation. In 2010, approximately 22% of human cases remained undetermined [32] . Distinction between infections with E. granulosus and E. multilocularis would be beneficial because the two diseases require different management of prevention and treatment [32] .
Despite the fact that alveolar echinococcosis was discovered in Slovakia already 13 years ago and despite (or maybe because of) the popularisation of this medical problem, public knowledge on its epidemiology is still greatly misleading. In Slovakia, as in other European countries, biased information about eating berries and mushrooms as the most important infection risk factor is often promoted in media, while little consideration is given to ownership of dogs and contact with wild carnivores. Nevertheless, several case-control studies aimed at investigating the epidemiology of alveolar echinococcosis have affirmed ownership of dogs and contact with carnivores as the most important risk factors [22, 23, 33] . Therefore, regular deworming treatment of dogs could be an effective preventive measure. In contrast, two studies from 2004 and 2005 did not find an association of alveolar echinococcosis with picking and eating berries and mushrooms from fields and forests [23, 34] .
The above facts draw attention to the need to revise the existing reporting system, improve the national surveillance system and engage specialists outside the medical community (public health professionals, parasitologists, veterinarians, zoologists and ecologists) for effective management of prevention and control strategies. Knowledge on how to minimise the risk of E. multilocularis transmission is not yet established in new endemic areas. Eradication of the parasite from the environment by means of long-term baiting campaigns in the fox population appears to be an effective tool, but has never been completely successful [35, 36] .
The baiting programmes depend strongly on several factors, mainly on available financial resources. Therefore the prevention of human alveolar echinococcosis should be based on integrated control measures such as increasing public awareness of hygienic measures, regular anthelmintic treatment of domestic carnivores or vole habitat management [36] .
